The inadequacy of existing international law in the prevention of an arms race in outer space leaves uncertainties to international peace and security. The resurgence of aggressive space programmes in the new millennium has intensified concerns over the possible degradation of outer space into an area of conflicts, prompting various initiatives aimed to fill this loophole. The year 2014 witnessed the release of the revised draft PPWT proposed by China and Russia at the CD, the fifth public edition of the ICoC promoted by the EU, and the adoption of the Resolution on "No first placement of weapons in outer space" in the General Assembly. This paper attempts to make a comparison between the three initiatives in terms of their postulated primary-level obligations, namely to what extent space weapons are prohibited on the chain of "research, development, testing, placement and use", and the verification of compliance with these obligations.
With folklore and legends of the universe being told since time immemorial, humankind's exploration and use of outer space did not materialize until 1957, when the former Soviet Union successfully launched Sputnik I, the first artificial satellite. In the ensuing decades, the use of outer space brought about unprecedented transformations to human life, in particular in the last two decades as the development in the space sector accelerated. On the one hand, the number of space actors increased and diversified significantly. Whereas the early stage of the Space Era was almost exclusively dominated by the former Soviet Union and the United States, today at least eleven states and one international intergovernmental organization have acquired independent launch capability, 1 and over sixty countries or government consortia own or operate active satellites. 2 States have been joined by private entities, in particular those from traditional market-economy states, in the exploration and use of outer space. On the other hand, the leap of science technologies is opening a new vista for further space exploration and use, such as asteroid mining and Space-Based Solar Power (SBSP).
States share common stakes in utilizing the immense instrumental values of outer space. Unfortunately we Earth dwellers are far from a perfectly harmonious species. Our "internal friction" has inevitably spilled over beyond the Earth to outer space, with satellites put into orbit to enhance the performance of military assets on the Earth. Although outer space remains one of the very few spatial environments in which weapons have not been deployed, the research, development, and testing of aggressive space weapons can be traced back to the 1950s, when the competition between the former Soviet Union and the US was at its height. The importance attached to such weapons waned substantially after the détente of the Cold War, as the competition between the two superpowers in space gave way to co-operation, and breakthroughs in arms control were made after the Cuban Missile Crisis. 3 The change of geopolitics after the Cold War helped to foster a more favourable atmosphere for co-operation in space. Whereas the Cold War restricted co-operation between the members of the two blocs, the post-Cold War era has witnessed the development of new axes and mechanisms of co-operation. 4 However, the first ten years of the new millennium witnessed the revival of the possibility of deploying weapons in outer space, 5 and the tests of terrestrial-based anti-satellite weapons (ASATs).
The destabilizing effect of space weapons and their potential devastating threat to the benign space environment make them one of the most serious challenges to the peaceful exploration and use of outer space. As existing international law only prohibits certain categories of space weapons, urgent actions need to be taken to fill the lacuna. However, states disagree markedly, at the primary level, as to whether space-based weapons or terrestrial-based ASATs need to be addressed more imminently. 6 Scholarly debates have addressed the question of at which points on the chain of "research, development, testing, placement and use" they should be prohibited. 7 At the secondary level, the verification of compliance with primary-level obligations is immensely difficult in outer space. 8 Highly intrusive verification measures, such as on-site inspections, do not seem to be a realistic option given the utmost confidentiality and sensitivity of space activities. 9 Space arms control obligations at the primary and secondary levels are intertwined as the verifiability varies with respect to different aspects of prohibition, and verifiability would in turn affect states' acceptance of primary-level obligations.
This paper begins with a discussion on the legality of space-based weapons and terrestrial-based ASATs in existing international law. Section II offers an appraisal of current initiatives in space arms control, with a focus on their effectiveness in addressing space-to-Earth weapons, terrestrial-based ASATs, and space-based ASATs. Section III examines the issue of verification in space arms control, and attempts to propose an optimal combination between primary-level obligations and verifiability in a future space arms control treaty. Section IV proffers some suggestions to strengthen space arms control.
i. lex lata
A. An Article-by-Article Consideration of the Outer Space Treaty This section will consider the relevant Articles of the Outer Space Treaty, in order of their importance for arms control in space.
Article IV
Article IV of the Outer Space Treaty addresses the issue of weapons in outer space directly. Pursuant to its paragraph 1, the placement, installation, and stationing of weapons of mass destruction (WMDs) are completely banned in outer space, including celestial bodies and outer void space (the immense void space in between celestial bodies). 10 WMDs traditionally include nuclear, chemical, and biological weapons (NCBs). 11 The fact that the use of nuclear weapons in outer space could bring about indiscriminate damage therein was known long before the negotiation of the Outer Space Treaty. After the former Soviet Union's successful launch of Sputnik I, its launch capacity, which could be used as Intercontinental Ballistic Missiles (ICBMs) and tipped with nuclear warheads, was perceived as a serious threat to the US. With the aim of acquiring Anti-Ballistic Missile (ABM) capacity, the US conducted a series of high-altitude nuclear tests in 1958, arriving at the conclusion that although the blasts could destroy incoming missiles, electromagnetic pulse (EMP) radiation would severely affect communications and have serious implications for both manned spaceflight and for satellites carrying electronics. 12 In 1962, the EMP radiation generated in the exo-atmospheric nuclear testing programme conducted by the US disabled at least six satellites, some belonging to the US and others to Britain and the former Soviet Union. 13 The former Soviet Union's high-altitude nuclear tests in response to US tests provided the same results. In 1963, the Partial Test Ban Treaty (PTBT), which bans nuclear weapon tests in the atmosphere, in outer space, and under water, was signed as a first step towards a complete ban on nuclear testing. 14 After signing the PTBT, both the US and the USSR announced that they had no intention of stationing any objects carrying nuclear weapons or other WMDs in outer space. 15 The Outer Space Treaty thus achieved the prohibition of the placement of WMDs in outer space without great difficulties. Article IV of the Outer Space Treaty is complementary to Article I of the PTBT, as the latter does not prohibit the placement of nuclear weapons in outer space, although it does prohibit their testing.
Article IV, paragraph 2 of the Outer Space Treaty imposes more stringent constraints on the military use of celestial bodies, namely that the establishment of military bases, installations, and fortifications, the testing of any type of weapons, and the conducting of military manoeuvres on celestial bodies shall be forbidden. 16 The provision was a result of the Soviet-US gaming on the Moon race. By that time, although the former Soviet Union still seemed to be ahead of the US in space, the gap was marginal due to the rapid progress of the US manned space programme. The prevention of the militarization of the Moon and the monopoly of resources thereon was a mutually acceptable outcome, as neither the US nor the former Soviet Union was confident that they would win the race. 17 Article IV is not free from ambiguities, partly due to the lack of clear terminological definitions, and partly due to subsequent technical developments. For instance, disputes arise as to what amounts to "placement", 18 Near Earth Objects (NEOs) threatening the Earth should be regarded as "weapons". 19 There have also been debates on whether celestial bodies, which are reserved "exclusively for peaceful purposes", are completely non-militarized. 20 Nonetheless, the largest loophole of this Article is the failure to ban conventional weapons in outer void space. Whereas some scholars hold that the loophole was left open because the technical feasibility of such placement was not foreseen, 21 others are of the view that this omission was made deliberately by the US in line with the notion of "freedom of space". 22 state breaches the overarching obligation of due regard or any of the three pillar elaborating obligations, for creating large amounts of space debris or failing to seek consultations with other space-faring countries in ASAT tests. 26 The requirement of due regard is a reiteration of the rule of general international law, in the context of outer space, that the legitimate interests of other states must be taken into consideration when a state exercises its right. 27 As one of the constraints upon the freedom of exploration and use of outer space, it applies to military activities therein. However, the term is highly ambiguous. Referring to the preparatory work of the treaty, it could be safely asserted that the term was never intended to outlaw ASAT tests categorically, or require prior consent from other states. Note that this norm was inherited from General Assembly Resolution 1962 (XVIII), during the drafting of which it was proposed by the UK, in response to a Soviet Union draft that required prior consent from potentially affected countries. 28 Although the creation of a large amount of space debris in ASAT tests, in particular those in the most-used Low-Earth Orbits (LEOs) and Geostationary Orbit (GEO), may be contrary to the "corresponding interests" of other States Parties, the "due regard" requirement seems to place more emphasis on the "subjective" element on the part of the conducting state.
Customary international humanitarian law may shed some light on what subjective efforts are required by the "due regard" principle. As recognized by the International Committee of the Red Cross (ICRC), the rule that methods and means of warfare must be employed with "due regard" to the protection and preservation of the natural environment has become a norm of customary international law applicable in international, and arguably also in non-international, armed conflicts. 29 It is further elaborated that:
[I]n the conduct of military operations, all feasible precautions must be taken to avoid, and in any event to minimize, incidental damage to the environment. Lack of scientific certainty as to the effects on the environment of certain military operations does not absolve a party to the conflict from taking such precautions. 30
It appears logical to argue that states should at least exercise equivalent diligence, if not more, in peacetime military activities as in armed conflicts. Therefore, the primary element of due regard is precaution, which is not measured by any quantitative threshold of environmental impact, but rather by whether efforts such as risk assessment and cost-effective precautionary measures are made. The assessment must be done on a case-by-case basis, taking into account the specific situations and the capacities of the conducting state. With regard to the three pillar obligations, although space debris has arguably become a new form of "harmful contamination" of outer space, 31 States Parties are only obliged to "avoid" it, and adopt "appropriate" measures "where necessary". It is observed that the ambiguous and subjective nature of establishing a standard for avoiding harmful contamination makes it difficult to assess whether an ASAT test violates the provision. 32 The obligation to undertake appropriate international consultations is also subject to the highly subjective determination as to whether a state's activity or experiment would cause potentially harmful interference with the activities of other States Parties in outer space. Even if such a need exists, there is no guidance as to the procedures and substances of consultations. 33 Ultimately, consultations in international law need not always lead to mutually acceptable solutions, and even if they do, there is no legal obligation to follow them. 34 In practice, states are reluctant to invoke Article IX when ASATs are tested, even when large amounts of space debris are created. This happened during the Cold War as well as in the new millennium. 35 Presumably, such an accusation is very likely to jeopardize the bilateral ties between an alleging state and the testing state. In addition, due to the principle of estoppel, space-faring countries do not want to find themselves bound by such an interpretation of Article IX when the need to pursue similar tests arises for them; for those countries which have done so in the Cold War, such an accusation would equate to their submission to the illegality of their past tests. Regardless of the underlying motives, this inaction constitutes "subsequent practice" in the application of Article IX, which may accumulate to the establishment of an interpretation of the Article as not limiting ASAT tests. 36 3. Article I According to Article I of the Outer Space Treaty, the exploration and use of outer space shall be carried out "for the benefit and in the interests of all countries". 37 As the word "shall" is usually used to impose an imperative obligation, the Article naturally entails legally binding obligations. 38 This is confirmed by the preparatory work of the Outer Space Treaty, during which Brazil proposed to include this principle in the operative part rather than only in the Preamble, and the proposal was accepted by all Member States of the UN Committee on the Peaceful Uses of Outer Space (COPUOS). The most important implication of this provision is that "it initiated the principle of global public interest in outer space, thereby establishing that the interests, both present and future, of all States must be taken into consideration in the exploration and use of outer space". 39 However, the principle does not automatically outlaw space weapons. Whereas military activities are inherently violent, and thus contrary to the common benefit and interests, we must concede that, in an imperfect world, force used in the right and appropriate way is still indispensable for the benefit of the international community as a whole.
B. Article III of Outer Space Treaty as a "Gateway" for General International Law
Article III of the Outer Space Treaty provides that activities in the exploration and use of outer space shall be carried out "in accordance with international law, including the Charter of the United Nations". 40 Although each field of international relations would be regulated most directly by its lex specialis, at the same time a significant part of international law, in particular long-established rules of customary international law and basic and explicit tenets of international law, are applicable generally. 41 Article III thus serves as a "gateway" through which such rules become applicable to outer space. The applicability of the UN Charter to space activities is highlighted in Article III. The prohibition of the threat or use of force is one of the fundamental principles for the UN and its Members to observe. 42 The testing and deployment of space weapons for national security in peacetime, as a measure of self-protection, do not amount to use of force. The threat of force, as opined by Brownlie, consists of "an express or implied promise by a government of a resort to force conditional on non-acceptance of certain demands of that government". 43 Without such an express or implied promise, the testing and deployment of space weapons shall not be taken as a threat of force either.
There are exceptions to the non-threat or use of force principle. First, the Charter recognizes "the inherent right of individual or collective self-defence if an armed attack occurs against a Member of the United Nations". 44 Second, the Security Council may also "take such action by air, sea, or land forces as may be necessary to maintain or restore international peace and security", if measures not involving the use of armed 39. Jakhu, supra note 27 at 37-9. 40. Outer Space Treaty, supra note 10, art. III. force are inadequate. 45 Drafted before the Space Era began, the Charter did not foresee ASATs or weapons in space, although early missiles such as V-2 rockets were developed in World War II. Space weapons may nevertheless be legitimately used, subject to the principles of necessity and proportionality, in the exercise of self-defence by states and the use of forceful measures to maintain or restore international peace and security authorized by the Security Council. The Charter also provides that "[i]n the event of a conflict between the obligations of the Members of the United Nations under the present Charter and their obligations under any other international agreement, their obligations under the present Charter shall prevail". 46 Imagine a scenario in which a large-size NEO is detected to have a significant chance of impact with the Earth, and the Security Council determines that it constitutes a threat to international peace and security and authorizes the placement of nuclear weapons in outer space to defend the Earth. 47 Although the placement is arguably banned by Article IV of the Outer Space Treaty, the authorization of the Security Council, which the Members of the UN have agreed to accept and carry out, 48 would excuse the wrongfulness arising from non-compliance with the Outer Space Treaty.
Article III of the Outer Space Treaty also obliges States Parties to carry on activities in the exploration and use of outer space "in the interest of maintaining international peace and security and promoting international cooperation and understanding". 49 This wording was inherited from General Assembly Resolution 1962 (XVIII), and emphasizes two of the primary purposes of the United Nations. 50 It is argued that the deployment and use of space weapons of any kind would in all likelihood lead to an arms race in outer space, which would "threaten international peace and security as well as international cooperation", and would thus be contrary to Article III. 51 This broad interpretation may not be the intent of the drafters. But the development, testing, and deployment of space weapons are at least contrary to the underlying spirit, and the object and purpose, of the Outer Space Treaty, the conclusion of which was largely motivated by concerns over an arms race in outer space, and those of the UN Charter.
General international environmental law is also applicable to space activities via Article III. Among them the "no harm" principle, namely the responsibility of states to ensure that activities within their jurisdiction or control do not cause damage to the environment of other states, or of areas beyond the limits of national jurisdiction, may impose constraints on space weapons by limiting their external environmental impacts. The principle, which originated from the transboundary context of international environmental law, 52 has been expanded to protect global commons, namely areas In the Trail Smelter arbitration between the US and Canada, the Tribunal concluded that: "no State has the right to use or permit the use of its territory in such a manner as to cause injury by fumes in or to the territory of another or the properties or person therein, when the case is of serious consequence and the space arms control: lex lata and currently active proposals 69 beyond national sovereign jurisdiction, from environmental pollution originating from these area or areas within national sovereign jurisdiction. This is recognized in both the 1972 Stockholm Declaration and the 1992 Rio Declaration. 53 Although the declarations are not legally binding, the principle has been recognized as a customary rule of international law. 54 It also appears in the preamble of some international environmental protection treaties, reflecting the objectives and purposes of the treaties, 55 and even in one of the operative paragraphs of the United Nations Convention on the Law of the Sea (UNCLOS), which entails contractual obligations. 56 In UNCLOS, an exception is made to free military vessels from environmental obligations. 57 Although at the conventional level states are reluctant to assume the same environmental obligations in their military activities as in their civil activities, the "no-harm" principle is nevertheless applicable to military activities as a customary rule. The question is the interpretation of the principle, which does not seem to prohibit any environmental pollution, as the term "damage" inherently carries a degree of severity. It is not clear what is the threshold over which a violation is constituted.
The customary character of the "no harm" principle is also recognized by the International Court of Justice (ICJ); in the Nuclear Weapons advisory opinion case and the Gabčíkovo-Nagymaros Project case, it stated that the "existence of the general obligation of States to ensure that activities within their jurisdiction and control respect the environment of other States or of areas beyond national control is now part of the corpus of international law relating to the environment". 58 By using "respect" rather than "not cause damage to", the Court placed its emphasis on the "subjective" element, as does the "due regard" principle.
To summarize, existing international law does not explicitly prohibit conventional weapons in outer void space, nor terrestrial-based ASATs. There are other relevant rules of space law and general international law which may limit them indirectly, but overall these injury is established by clear and convincing evidence". See Trail Smelter (USA v. Canada), are broad and vague. With a lack of objective criteria for the assessment of violations, and their emphasis on subjectivity on the part of conducting states, much leeway is reserved for states in relation to the research, development, testing, and placement of such weapons.
ii. currently active proposals
The rising concern over a possible arms race in outer space has prompted various proposals aimed at strengthening space arms control. At the same conference, the US pledged that it would conduct an in-depth analysis of the 2014 PPWT, but also expressed the view that the preliminary assessment was that the new draft text did not address significant flaws in the 2008 PPWT. Among others, it mentioned that there is no effective verification regime to monitor compliance, and terrestrially based anti-satellite systems posing the greatest and most imminent threat are not captured. See Rose, supra note 6. of the definition of outer space; the clarification of various definitions such as "outer space object", "weapon in outer space", "use of force", and "threat of force"; the recognition of the rights of individual and collective self-defence; the recognition of the need for measures to verify compliance; and the elaboration of a dispute resolution mechanism. Despite the revisions, the US concluded that the new draft, "like the 2008 version, remains fundamentally flawed" and "provides no basis for the United States to support establishing an ad hoc committee to negotiate any such Treaty at the Conference on Disarmament or in any other forum", in its analysis of the 2014 PPWT transmitted to the CD on 2 September 2014. 64 As the CD works on consensus, the US opposition renders the future of the PPWT gloomy.
The PPWT, which is intended to become a legally binding treaty, proposes to prohibit the placement of any weapons in outer space, potentially one of its most significant contributions to the legal regime of space security. At least two definitional issues arise from the proposal, namely: (1) What are "weapons in outer space"?; and (2) What amounts to "placement"?
International law does not provide a legal definition of outer space. Little explicit guidance is provided by domestic laws either. 65 The 2008 PPWT was one of the very few treaty proposals to make such an explicit definition, i.e. "the space above the Earth in excess of 100 km above sea level". 66 It should be mentioned that while state practice has established the area in excess of 100 km above sea level as outer space, the legal status of the area between this line and the upper limit of aerodynamics is not yet clear. 67 Although the line of 100 km was initially proposed only for the purposes of PPWT, 68 the definition has been cited by scholars to infer the position of China and Russia on the boundary between airspace and outer space in general. 69 The 2014 PPWT abandoned this disputed definition, leaving it to be addressed in the future if necessary. As space technologies remain one of the most dynamic areas, the interests of states on whether there should be a clear boundary between outer space and airspace, and if so, where it should be, are not yet clear, in particular with respect to the development of aerospace objects and near-space vehicles.
With the lack of a definition of outer space, the 2014 PPWT defines "weapon in outer space" as: any outer space object or component thereof which has been produced or converted to destroy, damage or disrupt the normal functioning of objects in outer space, on the Earth's surface or in its atmosphere, or to eliminate human beings or components of the biosphere which are important to human existence, or to inflict damage on them by using any principles of physics. 70
Hence, a weapon in outer space is first of all an outer space object or component thereof. "Outer space object", which is not defined in the existing international law of outer space, is defined in the 2014 PPWT as "any device placed in outer space and designed for operating therein". 71 Abandoning the various enunciations in the 2008 PPWT, the definition is now simplified and linked to the definition of "placement" as one of its qualifications, apart from the requirement of being designed to function in outer space. Therefore, an outer space object needs to fulfil both the spatial criterion and the functional criterion. As to the spatial criterion, a device is considered to have been "placed in outer space" if "it orbits the Earth at least once, or follows a section of such an orbit before leaving that orbit, or is permanently located in outer space or on any celestial bodies other than the Earth". 72 Ballistic missiles, Prompt Global Strike (PGS) systems, and suborbital flights for point-to-point transportation which traverse through outer space temporarily arguably amount to placement in outer space, as they "follow a section of an orbit before leaving that orbit". But they do not fall within the scope of outer space objects as defined by the 2014 PPWT, because they do not fulfil the functional criterion of being designed for operation in outer space. Reusable spacecraft, such as the Boeing X-37 series, on the other hand, arguably fall within the definition.
In addition, a "weapon in outer space" should have been "produced or converted to destroy, damage or disrupt the normal functioning of objects in outer space, on the Earth's surface or in its atmosphere, or to eliminate human beings or components of the biosphere which are important to human existence, or to inflict damage on them by using any principles of physics". 73 The distinguishing line for an object to be considered a weapon in outer space is "production and conversion" for hostile purposes or use. This covers not only dedicated weapons in outer space, but also civil and commercial space objects converted for hostile use.
As far as the targets are concerned, weapons in outer space may be directed at objects in outer space, on the Earth's surface (including land and sea), or in its atmosphere, as well as human beings or components of the biosphere important to human existence. The destructive power of weapons in outer space may vary significantly from eliminating, destroying, and damaging to disrupting, regardless of the law of physics employed.
The PPWT only explicitly prohibits the placement of weapons in outer space with respect to "research, development, testing, placement and use". It is arguable that the testing of dedicated weapons in outer space also falls within the ambit of prohibition because in order to be tested such weapons need to be placed in outer space first, unless they are tested in a simulated environment on the Earth. As far as dual-use space objects are concerned, although it is unlikely that they would be used as space-to-Earth weapons, 70. 2014 PPWT, supra note 63, art. I(b). 71. Ibid., art. I(a). 72. Ibid., art. I(c). 73. Ibid. space arms control: lex lata and currently active proposals 73 they can be easily modified to be space-based ASATs. The testing of dual-use technologies such as Active Debris Removal (ADR) is not to be prohibited, unless they are converted or used for the "threat or use of force against outer space objects", which is prohibited by Article II of the PPWT.
Terrestrial-based ASATs are not explicitly addressed in the 2014 PPWT, nor in the 2008 PPWT, but they are indirectly and partially banned by the obligation "not to resort to the threat or use of force against outer space objects of States Parties to the Treaty". 74 This "hostility" formula echoes the Moon Treaty, which prohibits "[a]ny threat or use of force or any other hostile act or threat of hostile act on the Moon". 75 The term "use of force" means "any action intended to inflict damage on an outer space object under the jurisdiction and/or control of other States", and "threat of force" means "the clear expression in written, oral or any other form of the intention to commit such an action". 76 The threat or use of force against outer space objects, as prohibited, can be from spacebased weapons or terrestrial-based weapons. Therefore, this provision may be interpreted as prohibiting the threat or use of terrestrial-based ASATs. Whereas the research and development of terrestrial-based ASATs clearly remain unlimited by the PPWT, testing is likely unconstrained either, as testing is usually directed against a state's own satellite.
Article II of the 2014 PPWT reiterates the obligation of non-threat or use of force as enshrined in Article 2(4) of the UN Charter. The two exceptions to the principle, i.e. measures involving the use of armed force authorized by the Security Council to maintain or restore international peace and security and self-defence, also apply to outer space. In this respect, the 2014 version provides that:
Nothing in the present Treaty shall impair the States Parties' inherent right to individual or collective self-defence, as recognized in Article 51 of the Charter of the United Nations. 77
Individual and collective self-defence is explicitly mentioned in the 2014 version, as an attempt to respond to criticisms against the 2008 draft which does not mention it. 78 In fact, having or not having the self-defence provision would not make much difference, because Article III of the Outer Space Treaty recognizes the applicability of the UN Charter to activities in outer space. In addition, as aforementioned, the Charter would prevail if there is any conflict with other treaties. 79
B. The ICoC
Other than the proposal for a binding treaty, there are also initiatives to introduce non-binding instruments to promote arms control. In 2008, the European Union (EU) 74 a s i a n j o u r n a l o f i n t e r n a t i o n a l l aw released its proposal for a Code of Conduct for Outer Space Activities (European CoC). 80 In response to criticisms against its lack of consultations with non-EU states, the EU initiated a series of consultations with other countries. Although the ICoC does not address military activities in outer space explicitly, its constraints on them are potentially profound, as the code "addresses outer space activities involving all space objects launched into Earth orbit or beyond". 82 In spite of the non-binding nature of the code, states are prudent in consultations and contemplation as to whether or not to subscribe to it. Although non-compliance with such instruments does not entail sanctions, the political cost can be very high in the world today, in which states have become unprecedentedly interdependent. That its implications for military activities in outer space are one of the major considerations for states is evidenced by the heavy involvement of arms control departments from many states in the bilateral and multilateral consultations. Even in the US, now a co-sponsor of the ICoC, voices have been uttered in Congress as to the potential impact of the code on the military and the likely lack of consultation with Congress. 83 The clause of the ICoC with the closest relevance to military activities in outer space is 4.2, whereby the Subscribing States resolve to "refrain from any action which brings about, directly or indirectly, damage, or destruction, of space objects" unless such action is justified by imperative safety considerations, reduction of the creation of space debris, or the Charter of the United Nations. 84 The implications of this clause to space weapons can be broken down into the following elements:
1. Space-based ASATs: Section 4.2 can be interpreted as prohibiting the use of weapons in outer space against outer space objects, subject to various exceptions. As it does not make a distinction between space objects of one's own and those owned by others, it could also be interpreted as prohibiting the testing of spacebased ASATs. However, it does not seem to prohibit the deployment of such 2. Space-to-Earth weapons: Section 4.2 does not impose any limit on the research, development, testing, deployment, or use of weapons in outer space which are targeted at objects on the Earth.
3. Terrestrial-based ASATs: Section 4.2 could be interpreted as prohibiting the use of terrestrial-based ASATs. As the clause does not make a distinction between space objects of one's own and those owned by others, it appears to prohibit the testing of terrestrial-based ASATs as well.
Therefore, the ICoC does not seem to envisage a weapons-free outer space, yet at the same time it strictly bans the testing and use of terrestrial-based ASATs. This creates imbalances in the missile defence context. It does not prevent states from developing, deploying, or testing space-based Ballistic Missile Defence (BMD) systems, but at the same time other states may feel concerned over the available means to counterbalance a missile defence system.
Doubts have been raised as to the feasibility of banning "weapons" in outer space, as the PPWT attempts to achieve, given the dual-use nature of many space assets. It is posited that building upon the approach to address "behaviours" rather than "hardware" in outer space, the ICoC provides more specific limitations and more precise parameters to any allowable threats to space activities in themselves, as well as threats to the Earth from outer space. 85 Whereas this appears to be true with respect to space-based ASATs and terrestrial-based ASATs, the code does not adequately address the deployment of weapons in outer space, and the testing and use of space-to-Earth weapons, which are the key source of mistrust that is likely to fuel an arms race in outer space. The mistrust would continue to linger if the door for weapons in outer space remains open. Many states would follow suit to pursue weapons in outer space or choose to develop terrestrial-based ASATs, as states tend to assume the worst on security issues.
In addition, Section 4.2 would permit the use of weapons and dual-use objects in outer space to bring about damage or destruction under certain conditions. Whereas it shares with the PPWT the common ground that the use of weapons in outer space is justifiable by the Charter of the United Nations, i.e. under the circumstances of Security Council authorization and self-defence, the ICoC seems to also allow the use of dedicated weapons and dual-use objects in outer space for imperative safety considerations or for the reduction of the creation of space debris. It should be mentioned that conflicts may arise between the exceptions. For instance, satellite removal without consent of the satellite owner, even for imperative safety considerations or for reduction of the creation of space debris, arguably constitutes use of force as prohibited by the UN Charter. The Charter would always prevail, as it is binding, whereas the ICoC would not create binding obligations, and the Charter also recognizes the supremacy of obligations specified therein. 86 85. Frans VON DER DUNK, "Cutting the Bread" (2013) 29 Space Policy 231 at 233. 86. UN Charter, supra note 42, art. 103.
C. Unilateral Commitments of No First Placement of Weapons in Outer Space
In another initiative parallel to the previous two, in October 2004, at the First Committee of the UN General Assembly, Russia announced a new policy of "no first deployment of weapons in outer space", and called on all other space-faring and space-using nations to join in this pledge. 87 The initiative was supported by Russia's partners from the Collective Security Treaty Organization (CSTO) consisting of six post-Soviet states, which was followed by a few other states: Brazil, Indonesia, Sri Lanka, Argentina, and Cuba have declared with Russia that "they will not in any way be the first to place weapons of any kind in Outer Space, that they will make all possible efforts to prevent Outer Space from becoming an arena for military confrontation and to ensure security in Outer Space activities", and "call upon Outer Space-faring Nations to follow their example". 88 On 23 June 2005, heads of states of the CSTO-consisting of Armenia, Belarus, Kazakhstan, Kyrgyzstan, Russia, and Tajikistan-made a joint statement that they would not be the first to place weapons of any kind in outer space. 89 In 2014, Russia submitted a draft resolution on no first placement of weapons in outer space to the First Committee of the 69th Session of the UN General Assembly. 90 The text was approved by a vote of 126 in favour to 4 against (Georgia, Israel, Ukraine, the US), with 46 abstentions. On 2 December 2014, the resolution was adopted by the General Assembly as "No first placement of weapons in outer space", with the same voting ratio. 91 The unilateral statements led by Russia are important confidence-building measures for the security of outer space. However, in international law unilateral acts may also imply binding obligations, subject to the fulfilment of some conditions. The binding character of an international obligation assumed unilaterally, as the customary principle of pacta sunt servanda, is based on good faith. The legal effect of unilateral statements made vis-à-vis the whole world community was addressed by the ICJ in the Nuclear Tests case, in which France committed to cease nuclear tests in the South Pacific. The ICJ expounded:
It is well recognized that declarations made by way of unilateral acts, concerning legal or factual situations, may have the effect of creating legal obligations. Declarations of this kind may be, and often are, very specific. When it is the intention of the State making the declaration that it should become bound according to its terms, that intention confers on the declaration the character of a legal undertaking, the State being thenceforth legally required to follow a course of conduct consistent with the declaration. An undertaking of this kind, if given publicly, and with an intent to be bound, even though not made within the context of international negotiations, is binding. In these circumstances, nothing in the space arms control: lex lata and currently active proposals 77 nature of a quid pro quo nor any subsequent acceptance of the declaration, nor even any reply or reaction from other States, is required for the declaration to take effect, since such a requirement would be inconsistent with the strictly unilateral nature of the juridical act by which the pronouncement by the State was made. 92
Inspired by the Nuclear Tests Judgments, the International Law Commission (ILC) adopted "Guiding Principles Applicable to Unilateral Declarations of States Capable of Creating Legal Obligations" at its 58th Session in 2006, and submitted them to the General Assembly as a part of the Commission's report covering the work of that session. The ILC agreed that the public nature of declarations and the manifestation of the will to be bound are the two primary conditions to establish legal obligations. 93 In the Nuclear Tests case, the ICJ stated that the assessment hinges on the intention of being bound in relation to a particular matter, which is to be ascertained by interpretation of the act. 94 Similarly, in the Case Concerning the Frontier Dispute between Burkina Faso and the Republic of Mali, it pointed out that "it all depends on the intention of the State in question". 95 The views of the ICJ and the ILC are not necessarily contradictory. By referring to the declaration made by Egypt on 24 April 1957 on the Suez Canal and Jordan's waiver of claims on the West Bank territories, the ILC is of the view that the public nature of declarations represents an important indication of their authors' intention to commit themselves. 96 The public nature of Russia's 2004 unilateral statement at the First Committee of the United Nations General Assembly is evident, given that the General Assembly is one of the world's most widely represented fora of sovereign states. Its intention to be bound is clear, given the precision of words and the use of "pledge". The context in which the Russian declaration is made also serves as a positive indication that it is intended to be legally binding. The General Assembly First Committee deals with disarmament, global challenges, and threats to peace that affect the international community, and it seeks out solutions to the challenges in the international security regime, and works in close co-operation with the United Nations Disarmament Commission and the Geneva-based CD. The subsequent bilateral and multilateral declarations, which Brazil, Indonesia, Sri Lanka, Argentina, Cuba, and other States Parties to the CSTO made with Russia, also fulfil the dual requirements. However, for those states which have voted in favour of General Assembly Resolution 69/32 but have not made unilateral statements, simply expressing their appreciation and support of these efforts does not amount to the indication of the intention to be bound, and thus gives rise to no legal obligations. As a matter of fact, the obligations in the resolution were significantly watered down. space-faring nations, to consider the possibility of upholding as appropriate a political commitment not to be the first to place weapons in outer space". 97 Another essential element is the specific author of such statements, relating to who can legally represent the state. In the Nuclear Tests case, the ICJ found without doubt that statements by the heads of states and members constitute an engagement of the state. 98 In the more recent Armed Activities on the Territory of the Congo case, it stated that, as a wellestablished rule of international law, the head of state, the head of government, and the minister for foreign affairs are deemed to represent the state merely by virtue of exercising their functions. 99 The Court further expounded that "with increasing frequency in modern international relations other persons representing a State in specific fields may be authorized by that State to bind it by their statements in respect of matters falling within their purview". 100 The ILC concurs with this, adding that the key point is that it should be made by an authority vested with the power to do so. 101 Russia's policy of no first deployment of weapons in outer space was announced at the UN General Assembly and the CD by its diplomatic representatives, who are presumably duly authorized, given the significance of the issue concerned and the consistency of the policy. The joint statements, on the other hand, were signed between presidents or ministers of foreign affairs bilaterally, while the official declaration of the CSTO was also made by heads of states. As to the addressee, there is no need for such statements to be addressed to a particular state, nor is acceptance by any other state required, for it to have legal effect. 102 The ILC recognizes that unilateral declarations may be addressed to the international community as a whole, to one or several states, or to other entities. 103 Unilateral declarations without specific addressees, like the above commitments of no first placement of weapons in outer space and the French commitment of ceasing nuclear tests, are presumed to be directed to the international community, potentially giving rise to erga omnes obligations.
Having established the legally binding force of unilateral commitments of no first placement of weapons in outer space, the question arises as to the interpretation of concrete legal obligations incurred by the commitments. The ICJ and the ILC share the common understanding that when states make statements by which their freedom of action is to be limited, a restrictive interpretation is called for. 104 The pledge of no first placement of weapons in outer space can be broken down into the following components:
1. By using the words "not be the first", the pledge is conditional. Any other state or private entity's deployment of weapons in outer space in the first place would free them from the negative undertaking.
2. "Weapons in outer space" are the objects of the pledge, which could be spaceto-space weapons or space-to-Earth weapons, but not terrestrial-based ASATs. By reference to the PPWT, which also reflects the Russian policy, dual-use outer space objects are not limited, unless they are converted or used to serve hostile purposes.
3. The act constrained in connection with weapons in outer space is deployment.
Research and development of such weapons are not limited by the pledge. It is arguable that to refrain from testing them is within the ambit of negative undertakings, because in order to test weapons in outer space they would be deployed in outer space first, unless testing is done in a simulated environment on Earth. "Deployment" in its legal meaning is similar to "placement".
Like the PPWT, the unilateral commitments suffer from the shortcomings of failing to address terrestrial-based ASATs and the possibility of building break-out capability by developing dual-use technologies. Furthermore, the conditional legal obligations can be discharged by revoking the declarations. However, the contribution of these commitments to space security should not be underestimated, as they demonstrate states' commitment to space security and their willingness to co-operate. For the pledging states, they remain in control of their security interests by conditioning the self-imposed constraints on their expectation on other states' similar undertakings. For other states, the commitments provide certainties in their perception of others. With the lack of contractual obligations, the game of space arms control imitates the "prisoner's dilemma", in the sense that states are likely to choose not to co-operate even if it appears that it is in their best interests to do so. 105 By fostering a positive atmosphere, the unilateral commitments help to dilute the mistrust between states.
D. An Assessment

Weapons in outer space versus terrestrial-based ASATs
The primary-level obligations of space arms control that the above three major initiatives envisage vary significantly. It appears that the PPWT is more effective in prohibiting dedicated weapons in outer space, whereas the ICoC is more effective in prohibiting terrestrial-based ASATs.
The different emphases of current space arms control initiatives reflect the different security concerns of sponsoring states. Weapons in outer space, for instance, include space-to-Earth weapons and space-based ASATs. Postulated space-to-Earth weapons include kinetic kill satellites and space-based missile defence interceptors. Concepts of the former date back to the 1960s. However, so far, airborne, sea-based, and ground-based capabilities have been more effective options. 106 What some states are concerned with is the practical implication of space-to-Earth weapons to missile defence and nuclear deterrence. The possibility of placing weapons in outer space, for missile defence or other purposes, prompted the development and testing of ASATs. That a new round of terrestrial-based ASAT tests began following the US abrogation of the 1972 Anti-Ballistic Missiles Treaty in 2002 was no coincidence. The lack of any limit on space-to-Earth weapons at any point along the chain of "research, development, testing, deployment and use" is potentially one of the most significant shortcomings of the ICoC from a security perspective. To garner wider support, it may need to redefine its scope of application to focus on civil and commercial activities, or to close the door to weapons in outer space if it were to stick to its current all-encompassing scope. 107 As China stated at the First Committee of the 68th Session of the General Assembly in 2013:
China appreciates the EU's efforts to promote a draft International Code of Conduct for Outer Space Activities (ICoC), and has participated in the discussion process in a constructive manner. Meanwhile, we believe that the ICoC, as a voluntary outer space TCBM, should focus on peaceful uses of outer space, and should by no means dilute the work on PAROS in the CD. The ICoC process should ensure broad participation on an equal and open basis, and fully accommodate substantive or procedural concerns of relevant parties, so as to conclude an international code of conduct acceptable to all. 108
Terrestrial-based ASATs, on the other hand, are "the most pressing, existing threat to outer space systems" to the US. One of the reasons for its opposition to the PPWT is the lack of explicit prohibition of terrestrial-based ASATs. 109 The strength of the ICoC in this regard presumably contributes to its endorsement by the US. Due to the vulnerability of space assets, space is regarded as the "Achilles' Heel" of the state most reliant on them, making terrestrial-based ASATs its major concern. The first ASAT test arguably dates back to October 1958, when the US launched a missile interceptor from a B-47 aircraft, as part of its Project Bold Orion, to within four miles of the Explorer 6 satellite at an altitude of 156 miles. In those days, it was the former Soviet Union that was in the leading position of the space race. Soon surpassed by the US, the former Soviet Union also began to develop and test ASATs in the late 1960s and early 1970s. Studies during both the Nixon administration and the Ford administration concluded that ASATs would not be effective tools for deterrence, because the US was more dependent upon space satellites. 110 From then on, the US has been pursuing the policy against terrestrial-based ASATs, while maintaining a certain level of capacity. Today, the US, which operates nearly half of the satellites in orbit, remains the state most reliant on space assets. To garner its support, the PPWT at least needs to include a new provision on terrestrial-based ASATs.
Terrestrial-based ASATs do not necessarily concern the US exclusively. With the increase of space-faring countries, and the expansion of space exploration and use, this space arms control: lex lata and currently active proposals 81 concern will be shared by more and more major space-faring countries and the international community which benefit from space utilizations. Taking Global Navigation Satellite System (GNSS) as an example, apart from the American Global Positioning System (GPS) and the Russian Global Navigation Satellite System (GLONASS), which are globally operational, the EU's construction of a fully operational Galileo is underway, and China is in the process of expanding its regional Beidou into the global Compass navigation system by 2020. In addition, India and Japan are also developing their own regional navigation systems. 111 Against this background, pursuing ASATs is ultimately against space-faring countries' own interests. However, space may become a new target for terrorism, as warned by the European Space Policy Institute (ESPI) in its recent report. 112 Although the development and testing of ASATs seem to be prompted by the possibility of deployment of weapons in outer space, it is argued that passive military use of outer space would inevitably lead to their use. 113 The employment of satellites in recent conflicts, for intelligence, surveillance, and reconnaissance (IRS), has made space a fourth domain of military conflict. For instance, in the First Gulf War, which is regarded as the first occasion on which a full range of military space systems were used in a conflict against another power, around sixty Western military satellites were directly involved in communications, navigation, surveillance, and early warning. 114 Such passive military use of outer space in conflicts is not constrained by international law. They are even credited by some writers for shortening wars and saving lives. 115 Nevertheless, these space objects run the risk of becoming legitimate military objectives. Article III of the Outer Space Treaty recognizes the applicability of general international law to activities in outer space, which includes not only jus ad bellum but also jus in bello. The latter limits military objectives to "those objects which by their nature, location, purpose or use make an effective contribution to military action and whose total or partial destruction, capture or neutralization, in the circumstances ruling at the time, offers a definite military advantage". 116 It is arguable that satellites for IRS, which make an effective contribution to military actions, may be targeted legally where the total or partial destruction, capture, or neutralization of them can offer a definite military advantage. Whereas military satellites offering passive military functions, by their nature, fall within this category, civil and commercial satellites contracted for the same service may also qualify as military objectives.
The development and testing of ASATs seem inevitable given the passive military use of outer space. However, in armed conflicts, states are not free to employ military measures against any object. As a basic rule, the Parties to a conflict shall at all times distinguish between civilian objects and military objectives, and accordingly shall direct their operations only against military objectives. 117 In addition, belligerent states are required to take constant care to spare the civilian population, civilians, and civilian objects in the conduct of military operations. 118 Nowadays, it is increasingly difficult to make a clear-cut distinction between civilian and military satellites, as in many cases an object in outer space provides dual functions simultaneously. For instance, the GPS provides civilian services, but GPS-guided bombs, such as the Joint Direct Attack Munition, were used during the 1999 air war over Serbia and in Operation Enduring Freedom in Afghanistan from 2001 to 2003. 119 In 2002, an orbiting NASA satellite provided the US Air Force with before-and-after hyperspectral imagery of bombed targets in Afghanistan. 120 As an attack on such dual-use space objects may cause catastrophic collateral damage to civilians, the anticipated military advantage would need to be very high to justify an attack on them, in order to fulfil the requirement of proportionality.
Apart from civilian considerations, the assessment of military necessity and proportionality is also subject to the requirement of environmental protection. In this connection, the ICJ held in the Nuclear Weapons Advisory Opinion case that:
States must take environmental considerations into account when assessing what is necessary and proportionate in the pursuit of legitimate military objectives. Respect for the environment is one of the elements that go to assessing whether an action is in conformity with the principles of necessity and proportionality. 121
In a more elaborative manner, Protocol I to the Geneva Conventions stipulates: Furthermore, care shall be taken in warfare to protect the natural environment against widespread, long-term and severe damage. This protection includes a prohibition of the use of methods or means of warfare which are intended or may be expected to cause such damage to the natural environment and thereby to prejudice the health or survival of the population. 122
The use of kinetic ASATs in armed conflicts is likely to create large amounts of space debris, causing "widespread, long-term and severe damage" to the space environment. First, the debris may extend hundreds of kilometres, thus being "widespread". Second, such damages to the space environment are likely "long-term" due to the fact that they space arms control: lex lata and currently active proposals 83 are unlikely to decrease in a short span of time by natural decay, unless they can be removed by cost-effective measures. Research shows that debris in orbits higher than about 800 km above the Earth's surface will be up there for decades, above 1,000 km for centuries, and above 1,500 km effectively forever. 123 Third, the damages are likely "severe", given the serious threats posed to orbiting satellites and human space missions. Space debris moves at an extremely high speed of 27,000 km per hour; even tiny pieces can cause destruction to a satellite. 124 The potential serious environmental damages and the unprecedentedly overt dual-use nature of space assets raise the bar to a very high level for the necessity and proportionality of using kinetic ASATs against space assets in conflicts. Belligerents are more likely to use lower-degree force, such as interference and temporary disablement. It is also interesting to note that, during the 1991 Gulf War, both the coalition troops and Iraqi forces used channels for communication on ARABSAT, a satellite dedicated to Middle East communications and run by the Arab Satellite Communications Organization, raising questions as to the usefulness of designations such as "friendly" and "enemy" satellites. 125 Whether a norm of armed conflict according a special status of space assets for passive military use may arise remains to be seen.
In summary, the development and testing of terrestrial-based ASATs are largely prompted by the possibility of placing weapons in outer space. Although they are also partly driven by the passive military use of outer space, international humanitarian law, as applied to outer space, does not seem to allow the use of any terrestrial-based ASATs in conflicts. It is thus important to ban both categories of space weapons.
Dual-use space objects
The difficulty of properly defining the notion of "weapon" in outer space, where so many software and activities are of a dual-use character, casts doubt on the effectiveness of the PPWT. 126 Dual-use space technologies, if properly used, can contribute to the common interest of all humankind; but they can also be used for hostile purposes. The PPWT attempts to address this issue with two aspects. First, any outer space object "converted" for hostile purposes would become a weapon in outer space, thus its deployment is prohibited. Second, using any outer space object to attack or threaten to attack other objects therein is prohibited by the non-threat or use of force clause. But the testing, deployment, and use of space objects for such purposes as ADR and NEO diversion are not to be prohibited. This gives rise to concerns over the possibility of building readily deployable space-based weapons with break-out capability. 127 With criticisms lodged against the PPWT, it seems to have been largely neglected that the ICoC does not address the dual-use issue in an effective manner either, as it could be 123. Joel R. PRIMACK, "Debris and Future of Space Activities" in James Clay MOLTZ, ed., Future Security argued that the test and deployment of these objects are for imperative safety considerations and the reduction of the creation of space debris. Just as a vehicle for transportation can also be used in manslaughter, a satellite used for removing debris can also grab another state's satellites without its consent. The law does not prohibit vehicles, but rather criminalizes the misuse of them for murder. Therefore, to ban the conversion of satellites into weapons and the use of satellites as weapons is perhaps the best that the law could do regarding the dual-use problem. The same is held true with respect to ICBMs, which can be easily converted into terrestrialbased ASATs. Whereas the ICoC can be interpreted as prohibiting the testing and use of ICBMs against space objects, the PPWT can achieve the same if it includes a separation provision on terrestrial-based ASATs.
Hard law versus soft law
Another difference between the PPWT and the ICoC is that the former is intended to be a legally binding international treaty, while the latter will provide non-binding guidelines. The distinction is captured by the terms "hard law" and "soft law", each of which has its own advantages. Whereas hard law offers credible commitments, reduces transactions costs, and increases enforceability, soft law can lower contracting costs and sovereignty costs. 128 It is also observed that soft-law instruments are free from constitutional and other domestic legal requirements which exist in most democracies for entry into force of treaties, and they can induce a reluctant state to become a party. 129 For instance, the ICoC, if endorsed by the US, would not require ratification by its Senate, whereas an international treaty would. Soft law is thus increasingly used in fields such as environmental protection and human rights protection, and more recently arms control, an example being the Hague Code of Conduct against Ballistic Missile Proliferation. 130 Since the end of the "golden age" of space legislation in 1979, the development of regulations on space activities has featured the making of soft law, on such areas as direct broadcasting, remote sensing, and nuclear power sources. Recent years have also witnessed the tendency of its use in space arms control.
The interplay between soft law and hard law presumably also contributes to the increasing use of the former. Soft-law instruments can be used to generate support for the promulgation of treaties, and to help generate customary international law norms. 131 the Principles Declaration were subsequently codified in the Outer Space Treaty, the NPS Principles, which are written in somewhat mandatory language and have been consistently complied with by states, have arguably become part of customary international law. 134 It seems that the fundamental point of disagreement between major space-faring countries is not whether hard laws or soft laws are more effective in space arms control. Illustrative is that the recently established UN Group of Government Experts (GGE), which consists of independent experts but is nevertheless heavily influenced by states, managed to reach an agreement on Transparency and Confidence Building Measure (TCBMs). 135 The key disagreement is rather on the substantive obligations of space arms control per se, namely whether it is more urgent to address weapons in outer space or ASATs. It is predicted that where powerful states disagree on policy, they are likely to "engage in forum shopping in such situations, advancing their interests by pressing for the adoption of legal provisions, both hard and soft, in forums that are most favourable to their respective positions." 136 This seems to be what is happening in the field of space arms control today.
iii. compliance and verification
Compliance and verification are secondary-level obligations in arms control. Whereas compliance is the ultimate goal, verification is one of the major means of ensuring that this goal is achieved. The latter consists of a process of gathering and compiling evidence, and a judgement on whether certain verification standards have been met. 137 In practice, primary-level and secondary-level obligations are intertwined and interactive. On the one hand, primary-level obligations of arms control are designed in such a manner that they can afford a mutually acceptable degree of common security, on the assumption that they will be fully observed. On the other hand, in reality the degree of verifiability varies substantially in different primary-level obligations, and in some cases only intrusive verification measures such as on-site inspections can detect possible violations. The conflict between such measures and state sovereignty would most often end up with the triumph of the latter. This would in turn cause a backlash to the acceptability of primary-level obligations incumbent upon states.
Today's world is probably no longer as anarchical as Thomas Hobbes portrayed, 138 but arms control is definitely an area predominated by mistrust among states. Hence verification is often regarded as an indispensable part of arms control arrangements. For instance, the current US National Space Policy maintains that it only considers proposals and concepts for arms control measures if "they are equitable, effectively verifiable, and enhance the national security of the United States and its allies". 139 There are some arms control treaties that do not contain a verification regime, such as the Partial Test Ban Treaty and the Outer Space Treaty. However, this would in no manner reduce the importance of ensuring compliance in arms control treaties. Nor could it be generalized that verification is dispensable in arms control.
Multiple reasons have contributed to the absence of a verification regime in such treaties, notably the capability of verifying compliance with unilateral measures, and the marginal strategic advantages to be gained from violations. First, the lack of a verification regime does not mean that adherence cannot be monitored at all, as verification could also be carried out with unilateral measures. Without a collective verification arrangement, violations may be detectable with a states' own surveillance facilities. For example, the lack of a verification regime in the Partial Test Ban Treaty became mutually acceptable to the former USSR, the US, and the UK after years of negotiations, largely because by 1963 nuclear explosions in the atmosphere, in outer space, and under water had become easily detectable with surveillance satellites. 140 The treaty was a watered-down version of the Comprehensive Test Ban Treaty (CTBT), after states failed to reach a consensus on on-site inspections, which were regarded as necessary to verify underground nuclear tests. 141 Second, for some arms control obligations, violations do not bring substantial strategic advantages. The Seabed Arms Control Treaty serves as a good example, as ultimately the placement of nuclear weapons on the sea bed is not a militarily valuable scenario. 142 Cleminson wrote in the early 1990s that most of the multilateral arms control agreements to that date had dealt with weapons systems which were not the most serious security concerns, with the notable exception of the Nuclear Non-Proliferation Treaty (NPT). 143 The same holds true even today, as no substantial progress in arms control has been made during the last two decades.
For the control of conventional weapons in outer space and terrestrial-based ASATs, verification appears requisite, given today's technical feasibility and the significant strategic advantages to be derived from violations. The questions that remain to be considered are: (i) whether national means of detection are sufficient to monitor compliance, and if not; (ii) whether it is possible to design a mutually acceptable and effective verification arrangement, and if not; (iii) whether the laissez-faire scenario or an imperfect arrangement of space arms control affords more security.
The technical difficulty of verifying compliance varies significantly on different points along the chain of "research, development, testing, placement and use" of space weapons. The testing and use of conventional weapons in outer space and terrestrialbased ASATs that create debris are easily detectable with current space surveillance technologies. The US, Russia, and Europe have elaborate space surveillance capabilities. 144 On-orbit manoeuvres and rendezvous of satellites can be ambiguous as they are not necessarily tests of co-orbital systems, but also could be tests of an on-orbit inspection capability. 145 The placement of weapons in outer space, dedicated or residual, is probably difficult to verify due to the currently very weak legal regime of registration for space objects launched into outer space. For the research and development of both categories of space weapons, which can be conducted quite secretively, and the deployment of terrestrial-based ASATs, given their shrinking size and increasing mobility, even highly intrusive measures such as on-site inspections cannot guarantee effective verification. In addition, given the very high level of confidentiality and sensitivity of space activities, it is unlikely that such intrusive verification measures would be accepted by space-faring countries.
What renders verification even more difficult is the technical similarity between terrestrial-based ASATs and ICBMs, and the dual-use nature of space-based technologies such as ADR. The US thus holds that it is not possible with existing technologies and/or co-operative measures to effectively verify an agreement banning space-based weapons. 146 This view is shared by China and Russia. 147 It could be summed up that national and international means are insufficient to verify compliance with a comprehensive ban on space weapons.
Verifiability stands as a major impediment to the progress of space arms control initiatives. Due to the immense technical and political difficulties of verification, current active proposals of space arms control either reserve the issue for future negotiations, or shy away from primary-level obligations that are impossible to verify. The 2008 PPWT is an example of the former, with its Article VI reading:
With a view to promoting confidence in compliance with the provisions of the Treaty and ensuring transparency and confidence-building in outer space activities, the States Parties shall implement agreed confidence-building measures on a voluntary basis, unless agreed otherwise.
Measures to verify compliance with the Treaty may form the subject of an additional protocol. 148
The lack of a verification regime was regarded as one of the major flaws of the 2008 PPWT. Although the proposal did provide for the possibility of negotiating a verification protocol subsequently, the US expressed that it "does not support an approach in which key legally-binding provisions required for the operation, viability, and effectiveness of an agreement would only be determined through subsequent negotiations". 149 It further reiterated that it is "not possible to develop an effectively verifiable agreement" for the banning of either space-based "weapons" or terrestrialbased anti-satellite systems. 150 In response to the proposal's encouragement of implementing TCBMs, the US is of the view that "any such TCBMs are not substitute for an effective verification regime". 151 China and Russia, while submitting that verification is difficult in the context of space arms control, argued that the difficulty of verification shall not impede the facilitation of an early consensus on the prevention of the placement of weapons in outer space and the threat or use of force against outer space objects. 152 With the difficulties of verification remaining today, the verification provision was only slightly revised in the 2014 PPWT:
The States Parties recognize the need for measures to verify compliance with the Treaty, which may form the subject of an additional protocol.
With a view to promoting confidence in compliance with the provisions of the Treaty, States Parties may implement agreed transparency and confidence-building measures, on a voluntary basis, unless agreed otherwise. 153
Although the new version explicitly recognizes the need for measures to verify compliance, the US maintains its position that it "could not support an approach in which verification provisions are determined only through subsequent negotiations of an 'additional protocol'". 154 Likewise, the Russian initiative of no first placement of weapons in outer space cannot escape the criticism of unverifiability. 155 If we cannot achieve a perfect space arms control treaty with primary-level obligations which affords common security and which is coupled with verifiability, we may need to concede, and to seek an optimal combination of primary-level and secondary-level obligations. The PPWT currently proposes to ban the testing (deducibly), placement, and use of space-based weapons, and the threat or use of terrestrial-based ASATs. By National Technical Means (NTMs) of verification, the testing and use of dedicated space-based weapons and terrestrial-based ASATs, in particular those based on kinetic physics, are detectable. Therefore, an improvement of the PPWT worthy of consideration is to explicitly prohibit the testing of terrestrialbased ASATs, as testing could cause damage to the space environment. Furthermore, if testing is banned, the technologies of terrestrial-based ASATs are usually too immature for deployment. An exception could be made to allow states to bring down their own satellite, or that of another state upon its request for safety considerations, as the ICoC does. However, such acts should require that they are fully justifiable by imperative necessities, subject to the procedural requirements of Article IX of the Outer Space Treaty, and guided by the COPUOS Space Debris Mitigation Guidelines. As major space-faring countries become increasingly dependent on space, the achievement of such an international consensus is just a matter of time. China and Russia have openly recognized a separate provision banning ASATs as a possible additional element of the PPWT. 156 However, even if the PPWT was revised to this effect, it would not seem to fulfil the criterion of "effective verification", namely the ability to detect a militarily significant violation in time to respond effectively and to deny the violator the benefit of the violation. 157 First, it is extremely difficult to monitor the testing of terrestrial-based lasers used to blind or "dazzle" the optical arrays of reconnaissance satellites, satellite-frequency jammers, and experimental electromagnetic pulse weapons to destroy satellite circuitry. 158 Such terrestrial-based lasers should be regarded as ASATs, and their use against space objects under the jurisdiction and/or control of other states might amount to "use of force" as defined in Article I(d) of the PPWT, thus falling within the ambit of negative undertakings of its Article II, although not necessarily so according to a more traditional jus ad bellum. Whereas their use is perhaps easier to detect and trace, the testing may go unnoticed, and their deployment is hardly verifiable even by the most intrusive measures. Therefore, as far as testing is concerned, a ban on terrestrial-based ASATs is more likely to be limited to kinetic ones, with laser/electronic ones treated separately. This approach has its merits, as one of the primary concerns over kinetic terrestrial-based ASATs is the large amount of debris likely to be generated in peacetime tests and in their use in armed conflicts. In comparison, the testing of laser/ electronic terrestrial-based ASATs does not seem to have encountered as many criticisms; their use in armed conflicts also appears to be a more acceptable means of engagement, as discussed above.
Second, it is also extremely difficult to verify parasite ASAT satellites. 159 Many dual-use space technologies being developed today, such as those for ADR and NEO diversion, could also be used for hostile purposes. The testing, deployment, and use of such space objects for peaceful purposes should not be prohibited, and no current space arms control initiative attempts to do so. The PPWT, for instance, only prohibits the use of such space objects for hostile purposes, and the conversion of them for such purposes. Whereas their use is detectable by NTMs, whether a conversion has been made to such objects into space-based ASATs may become a subject of dispute with current space surveillance technologies, which ultimately very few states possess.
However, this negative undertaking, though difficult to verify, is at least better than nothing if we are to keep outer space weapon free. In addition, the Executive Organization envisaged by the PPWT could play an important role in the consideration of matters concerning a possible violation of the treaty, 160 although concrete rules in this connection remain to be expounded.
In contrast to the PPWT, the ICoC, which does not contain a verification regime either, seems to be immune from the unverifiability criticism. This is largely because compliance with it is ultimately voluntary, and it only addresses behaviours in outer space that bring about the damage or destruction of space objects, which are much easier to detect. The ICoC does not address the research, development, or placement of ASATs, or even ASAT attacks that do not create debris. Such proposals are thought to be "effectively verifiable" and far easier to negotiate. 161 Whereas the proposal has its merits, in particular in its potential contribution to the safety and sustainability of space activities, in the lens of security it does not contain a balanced primary-level obligation of space arms control. The formulation of arms control obligations should prioritize balanced primary-level obligations, and then be complemented by secondary-level obligations of compliance and verification, although sometimes primary-level obligations may need to be adjusted for the sake of verifiability.
In summary, whereas the PPWT could be adjusted to embrace additional primarylevel obligations that are verifiable, such as the testing of kinetic ASATs, it is evident that the verification of testing and deployment of laser/electronic ASATs and dual-use space objects for hostile purposes would remain difficult. The question is which approach brings more security: to stick to the very high criterion of effective verification or to lower the bar. The former would certainly impede the progress of space arms control initiatives. Absent mutual concessions, states would attempt to maximize their own security interest by making full use of outer space for strategic purposes. Lowering the bar for verification would help to achieve a limited ban on space weapons, or at least on the prohibition of the testing, deployment, and use of space-based weapons and kinetic terrestrial-based ASATs.
iv. the way ahead
Conventional weapons in outer void space and terrestrial-based ASATs are not explicitly prohibited by the norms of space arms control. Norms of environmental law may limit them indirectly by their external effects or procedural formalities, but they fail to establish objective criteria for the assessment of possible violations. This lacuna is no longer too remote an issue to address. The research, development, and testing of weapons in outer space and terrestrial-based ASATs can be traced back to the Cold War. However, as the two states most dependent on space assets, the former Soviet Union and the US gradually realized that for their common interests in a peaceful outer space, competition needed to be turned into co-operation. By the mid 1980s, they tacitly agreed upon a moratorium on ASAT tests. However, the two decades since the end of the Cold War have witnessed significant changes in geopolitics. As the bipolar counterbalance waned substantially, a new concern arose that the world would enter a unipolar era featuring unilateralism. The US abrogation of the 1972 Anti-Ballistic Missiles Treaty in 2002 was read by some as a sign of this trend, more specifically a step towards weaponizing outer space. 162 It was no coincidence that a new round of terrestrial-based ASAT tests began subsequently. A new arms race in outer space, if it were to happen, would differ from the one during the Cold War, simply because of the increase and diversification of space actors, which make it more difficult to reach an agreement on security matters, and the unprecedentedly overt dual-use nature of space technologies that aggravates distrust among states.
Today, despite the multiple initiatives active in different forums, space arms control seems to be at a deadlock. The underlying fundamental issue is not whether the "hardware" approach or the "behaviour" approach is more effective, or whether hard law or soft law offers more merits, but rather the long-lasting disagreement among major space-faring countries on the primary-level obligations, i.e. the prohibition of space-based weapons and/or terrestrial-based ASATs. In 2009, Canada proposed the adoption of three pledges of space arms control, namely (i) not to test or use a weapon against any satellite so as to damage or destroy it; (ii) not to place any weapon in outer space; and (iii) not to use a satellite itself as a weapon. 163 However, these ideas have not been promoted actively by the Canadian government subsequently, and have not received much pick-up by other space powers. 164 In consideration of the inadequacies of existing initiatives, a revival of the Canadian initiative, preferably at the CD, is more likely to garner major space-faring countries' support. Although space-faring countries may dislike some of the pledges, it at least has something that each state does like. There is no doubt that to reach a mutually acceptable agreement demands effort and takes time. But it is important for the international community to initiate negotiations as soon as possible. Note that more than fifty years ago, a large number of states proclaimed in the Partial Test Ban Treaty as their principal aim the speediest possible achievement of an agreement on general and complete disarmament under strict international control in accordance with the objectives of the United Nations which would put an end to the armaments race and eliminate the incentive to the production and testing of all kinds of weapons, including nuclear weapons. 165 The current disagreement over the primary-level obligations may not always be irreconcilable. We can optimistically pin our hopes on major space-faring countries' increasing reliance on space assets to foster an international consensus on the prohibition of terrestrial-based ASATs. For an agreement on the prohibition of weapons in outer space, the recognition that it is impossible to maintain absolute superiority in outer space should be counted on.
For space arms control, an issue with the technical complexities of verification, perhaps a step-by-step approach is more feasible, as the experience of the nuclear tests ban tells us. A "comprehensive" ban is desirable, but not practical with current technologies. Today, whereas the prohibition of testing, deployment, and use of dedicated space-based weapons and kinetic terrestrial-based ASATs are verifiable, uncertainties exist as to the verification of laser/electronic ASATs and the misuse of dual-use space objects for hostile purposes. The international community should therefore pursue a "partial" ban that focuses on the prohibition of the testing and deployment of weapons in outer space and of terrestrial-based kinetic ASATs. Even with this limited arrangement, there is far less risk for international peace and security than a full-scale arms race in outer space, which is likely to happen in the laissez-faire scenario. The non-prohibition of laser/electronic ASATs should not exclude the prohibition of weapons in outer space, as weapons in outer space do not offer effective deterrence to laser/electronic ASATs.
As aforementioned, one of the concerns about the effectiveness of prohibiting weapons in outer space is the possibility of building break-out capability by dual-use technologies, such as those in ADR and the diversion of NEOs. International co-operation in these areas would help to dilute the mistrust among states. In addition, on some occasions international co-operation is necessary in order to tackle the legal constraints on actions for common security matters. In ADR, for instance, removal of end-of-life or malfunctioning intact satellites without consent may constitute an intrusion into the jurisdiction and control of other states.
Arms control is one of the major ways of ensuring international peace and security, but not the only one. TCBMs can reduce the risk of miscalculation and misinterpretation. And, ultimately, it is co-operation, rather than legal constraints, that is the panacea for long-lasting international peace and security. If co-operation cannot be carried out in all fields of space exploration and use, it should at least be facilitated in areas where collective actions are needed to cope with the common challenges of space security, such as the proliferation of space debris and the threats posed by NEOs. Co-operation in these areas would help to build confidence among states as to the peaceful use of outer space, and contribute to space arms control.
